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ABSTRACT: Vanadium dioxide (VO2) is a phase transition material that undergoes a reversible insulator-
metal phase transition at ~ 68 ˚C. Atmospheric pressure thermal oxidation (APTO) of vanadium (V) is a 
simple VO2 synthesis method in which V thin film is oxidized in open air. For an optimum oxidation duration, 
VO2 films are obtained with good phase transition properties. We recently reported a modified APTO process 
using a step temperature profile for oxidation (Thin Solid Films 706, 138003 (2020)). We demonstrated an 
ultra-low thermal budget synthesis of VO2 thin films with good electrical and optical phase transition 
properties. For a 130 nm room-temperature RF sputtered  V thin film, an optimum oxidation duration of ~ 30 
s was obtained. In this work, we study how the starting V film thickness and deposition temperature affects 
the optimum oxidation duration. V thin films of varying thickness (15-212 nm) and 120 nm thick V films 
with varying deposition temperature (~27-450 ˚C) are prepared using RF magnetron sputtering. These films 
are oxidized for different oxidation durations and characterized using Raman and four-probe measurements 
to find the optimum oxidation duration for each deposition condition. We find that the optimum oxidation 
duration increases with the increase in V film thickness  and V deposition temperature. We model the effect 
of V film thickness and deposition temperature on the optimal oxidation time  using a parabolic  law which 




Vanadium dioxide (VO2) is one of the most studied insulator to metal (IMT) phase transition material. It undergoes a 
first order structural phase transition from monoclinic insulator phase to tetragonal metallic phase above room 
temperature (~ 68 ˚C) [1]. The phase transition is accompanied  with a significant change in resistivity [2] and infrared 
optical reflectance [3],  because of which VO2 finds use in many promising electronic and optical switching 
applications, such as  radio frequency (RF) switches and other reconfigurable RF components [4, 5], coupled 
oscillators for neuromorphic computing [6], memresistors [7], selectors for resistive random-access memory [8], phase 
field-effect transistors [9, 10], microactuators [11], ultra-thin absorbers [12], tunable radiators [13], infrared 
camouflage [14], microbolometers [15], metamaterials [16], and thermochromic films [17]. 
 
In this work, atmospheric pressure thermal oxidation (APTO) of Vanadium (V) is used to synthesize VO2 thin films. 
Unlike other VO2 synthesis methods such as reactive sputtering [18, 19], chemical vapor deposition [20, 21], sol-gel 
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synthesis [22], pulsed laser deposition [23, 24], reactive-evaporation [25], molecular beam epitaxy [26, 27], atomic 
layer deposition [28], and polymer assisted solution process [29], which need precise oxygen flow control, and/or 
high-temperature post-deposition annealing treatment (to stabilize V+4 valency among multiple possible valence states 
of V [30]), APTO does not require controlled oxygen gas flow/post-synthesis annealing as it uses atmospheric oxygen 
for the oxidation of V [31-36]. APTO of V favors the formation of VO2 during the initial oxidation duration. As 
oxidation proceeds, VO2 content in the film maximizes at an optimal oxidation duration. Further oxidation leads to 
V2O5 formation and decrease in VO2 content of the film [34, 36, 37]. Best phase transition properties (electrical/optical 
switching) are obtained at the optimum oxidation time (toxd
op
 ) [32, 34, 36].   
 
Recently, we modified the typical APTO process, by using a step temperature profile for oxidation, which allows us 
to precisely control the oxidation duration [36]. The thickness (XV) and the deposition temperature (Tdep) of the V 
films can affect the time for their complete oxidation into VO2. This dependence between the optimal oxidation 
duration and the V film thickness/deposition temperature has not been studied and is the subject of this work. We 
deposited V thin films with varying XV and at different Tdep on c-plane Sapphire substrates using RF magnetron 
sputtering. We have performed APTO on the deposited samples and then characterized the oxidized samples to find 
the optimum oxidation time as a function of XV and Tdep. In section 2, we present the deposition conditions for the V 
thin films, the oxidation process, and the sample characterization methods. In section 3, Raman and electrical 
characterization  results of the oxidized samples are presented along with the summarized results for the optimum 
oxidation durations as a function of XV and Tdep. Modeling and discussion of the optimum oxidation time results are 
presented in section 4. Conclusions of the study are presented in section 5.  
 
2. Experimental Procedure 
For preparing the thin film V samples on c-plane Sapphire substrates with varying XV and Tdep,  we used RF magnetron 
sputtering from a 2-inch diameter V target of 99.9% purity. Base vacuum pressure was maintained in the range of 1.5 
x 10-4- 8.7 x 10-4 Pa prior to the introduction of argon gas (purity of 99.999%)  in the chamber. We use sputter down 
geometry and performed the V deposition at ~1 Pa, using a RF magnetron power of 90W which resulted in V 
deposition rate of ~0.5 Å/s. To study the film thickness effects during APTO, we prepared 4 samples with XV =  15 
nm, 80 nm, 120 nm, and 212 nm, deposited at room temperature (R.T.) by varying the deposition duration. In addition 
to the XV = 120 nm V film deposited at R.T. for thickness series, we deposited XV = 120 nm films with varying Tdep 
= 100 ˚C, 200 ˚C, 300 ˚C, 400 ˚C and, 450 ˚C to study the effects of V deposition temperature on APTO. Thickness, 
XV, for all the samples was confirmed using a KLA-Tencor stylus profilometer.   
After the depositions, all the samples were diced into multiple pieces to carry out the APTO experiments with varying 
oxidation time (toxd). After the dicing, the samples were cleaned using iso-propyl alcohol in a sonicator and blow-dried 
using dry nitrogen. For the oxidation experiments, we used a hot plate at 450 ˚C  and a cold plate at room temperature 
for subjecting the sample to a step temperature profile, similar to our previous APTO work [36]. Diced V films of the 
XV and Tdep series were oxidized for different toxd in the 0-1800 s range to synthesize  the vanadium oxide thin films. 
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The oxidized samples were then characterized by Raman spectroscopy using an excitation laser wavelength of 532 
nm (Acton research corporation spectra pro 2500i) to determine the vanadium oxide phase of the films. Four-point 
probe resistance measurements with a temperature-controlled oven were performed to measure resistance switching 
properties of each sample. 
 
3. Results  
3.1 Raman and Electrical Characterization of V Thickness series 
Fig. 1(a) shows Raman spectra of all the oxidized samples of  XV = 212 nm as a function of the oxidation duration. 
Oxidized V films with toxd = 95 s, 110 s, 120 s, 130 s, 140 s, and 150 s show strong VO2 peaks [38]. Samples with toxd 
=140 s and 150 s also show extremely weak V2O5 peaks at 148 cm-1 and 995 cm-1 [38]. Films with toxd = 180 s, 240 s, 
and 300 s show mixed phases of VO2 and V2O5 as three Raman peaks around 194 cm-1 , 226 cm-1, and 613 cm-1 relate 
to VO2 and all other peaks are associated with V2O5. Films with toxd = 600 s and 1800 s show only V2O5 Raman peaks. 
Raman spectrum of oxidized XV =120 nm thick V samples are shown in Fig. 1(b). Sample oxidized with toxd = 70 s 
shows only VO2 Raman peaks, while oxidized samples with toxd = 77 s, 80 s, and 90 s show dominant VO2 peaks and 
weak V2O5 peaks. The film with toxd = 120 s shows mixed peaks of VO2 and V2O5, while toxd = 300 s, 600 s, and 1800 
s show only V2O5 Raman peaks. 
 
Fig. 1(c) shows the Raman spectrum as a function of the oxidation duration for XV = 80 nm thick V samples. Films   
oxidized with toxd = 15 s, 20 s, and 21 s exhibit only VO2 peaks. Film with toxd = 22 s  shows strong VO2 peaks and 
weak V2O5 peaks. Samples with toxd = 30 s and 45 s  show mixed phases of VO2 and V2O5, while toxd = 600 s and 1800 
s samples show only V2O5 Raman peaks. Fig. 1(d) shows Raman spectra of the thinnest oxidized samples with XV = 
15 nm.  Sample oxidized with toxd = 3 s does not show any significant Raman peak while toxd = 4 s sample shows only 
VO2 peaks. toxd = 5 s sample shows mixed Raman peaks of VO2 and V2O5 while toxd = 600 s and 1800 s show only 
V2O5 peaks. From the Raman characterization, we can conclude that for APTO of all the V thicknesses, VO2 forms in 
the initial stages while V2O5 forms in the latter stages, in agreement with the previous studies [34, 36, 37].  
To study the phase transition properties of  the oxidized samples as a function of toxd, we measured the four-point 
probe resistance of all the samples at 30 ˚C and 110 ˚C. At 30 ˚C, VO2 is expected to be in the insulating phase while 
at 110 ˚C, VO2 should transition to the metallic phase changing the resistance drastically for samples with high VO2 
content [2, 32, 34, 36]. Fig. 2(a) shows the resistance switching ratio R30 ˚C/R110 ˚C of oxidized XV = 212 nm samples 
as a function of toxd. Films oxidized with toxd = 95 s and 110 s do not show any significant switching. From the Raman 
characterization, these samples show only VO2 phase, but the absence of switching implies only partial oxidation of 
V. Samples with toxd = 120 s, 130 s, and 140 s show strong resistance switching indicating minimal unoxidized V 
content in the films. Among these films, toxd = 140 s sample shows the best switching ratio of more than three orders 
of magnitude. Fig. 2(b) shows the resistance as a function of temperature for sample with toxd = 140 s. To extract the 
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transition temperature during heating scan, hysteresis width, and transition width (during heating scan), we have fitted 
a Gaussian curve to the derivative of log10 R(T). The extracted transition temperature during heating scan, hysteresis 
width, and transition width (during heating scan) was found to be ~72.9 ˚C, ~9.8 ˚C, and ~7.1 ˚C, respectively. Films 
with toxd =150 s, 180 s, 240 s, and 300 s show reduced  IMT switching of more than two orders. The reduced switching 
is due to increasing V2O5 content in the films, as confirmed by Raman characterization. The switching order becomes 
less than one for toxd = 600 s and 1800 s samples suggesting dominant V2O5 content in the samples. The results of 
Raman characterization and resistance switching suggest that toxd = 140 s is the optimal oxidation time (toxd
op
 ) for 
synthesizing VO2 film with good IMT switching properties using APTO of XV = 212 nm V thin films.  
The resistance switching ratio of XV = 120 nm oxidized samples are shown in Fig. 2(c).  toxd = 70 s film shows resistance 
switching of more than one order due to partial oxidation of  V. Films with toxd = 77 s and 80 s exhibit good resistance 
switching. The best resistance switching of more than three orders is achieved for toxd = 80 s.  Fig. 2(d) shows the 
temperature scan of resistance for sample with toxd = 80 s. Flim with toxd = 80 s shows reversible resistance switching 
with extracted transition temperature, hysteresis width, and transition width as be ~76.8 ˚C, ~12.6 ˚C, and ~9.3 ˚C, 
respectively. After toxd =80 s, IMT switching reduces sharply. No significant switching is observed for toxd ≥ 300 s. 
Fig. 2(e) summarizes the resistance switching ratio of all the oxidized samples with XV = 80 nm  as a function of toxd. 
The resistance switching increases monotonically for samples with toxd = 15 s, 20 s, and 21 s.  Among these samples, 
toxd =  21 s sample exhibits the best switching of more than two orders. Fig. 2(f) shows reversible resistance switching 
of  toxd =  21 s sample.  The extracted transition temperature, hysteresis width, and transition width was found to be 
~71.7 ˚C, ~11.6 ˚C, and  ~5.9 ˚C, respectively. After toxd > 21 s, IMT switching reduces steeply. Fig. 2(g) shows the 
resistance switching ratio of oxidized XV = 15 nm  samples. Sample oxidized with toxd = 3 s shows more than one order 
of switching, while toxd = 4 s shows the best switching of nearly three orders of magnitude shown in Fig. 2(h). The 
extracted transition temperature, hysteresis width, and transition width was found to be ~77.7 ˚C, ~13 ˚C, and  ~7.9 
˚C, respectively. The resistance switching ratio reduces for further increase in toxd. 
From both Raman and resistance switching characterization, we find that the optimum oxidation time, toxd
op
, for  
achieving good switching VO2 films is found to increase monotonically with increasing V thickness. Compared to 
toxd
op
 = 4 s for XV = 15 nm V film, XV = 212 nm V film shows more than one order high toxd
op
 = 140 s value.  
3.2 Raman and Electrical Characterization of V Deposition Temperature Series 
Raman data for APTO oxidation of V sample with XV = 120 nm film deposited at Tdep = 27 ˚C (Fig. 1(b)) is repeated 
again in Fig. 3(a) for comparison with other samples of the Tdep series. Fig. 3(b) shows the Raman spectrum as a 
function of toxd of V films (XV = 120 nm) with Tdep=100 ˚C. Films oxidized with toxd = 50 s and 60 s show only VO2 
Raman peaks while toxd = 65 s shows dominant VO2 peaks and some weak V2O5 peaks. Samples with toxd = 70 s and 
75 s show mixed phases of VO2 and V2O5. toxd = 80 s and 90 s show strong V2O5 Raman peaks and weak VO2 peaks. 
toxd=1800 s sample shows only V2O5 Raman peaks. Strong VO2 Raman peaks were observed for samples oxidized 
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with toxd = 50 s-65 s of V film with Tdep=100 ˚C. Raman spectrum of all the oxidized samples of V films with Tdep 
=200 ˚C and XV = 120 nm are shown in Fig. 3(c). V film oxidized with toxd = 85 s shows only VO2 Raman peaks. 
Films with toxd = 90 s, 95 s, and 100 s show strong VO2 peaks and weak V2O5 peaks. toxd = 110 s shows mixed phase 
of VO2 and V2O5 while toxd = 1800 s show only V2O5 Raman peaks.  
Fig. 3(d) shows the Raman spectrum of V films with Tdep = 300 ˚C as a function of toxd. Samples oxidized with toxd = 
110 s, 120 s, and 125 s show dominant VO2 peaks with weak V2O5 peaks. toxd = 130 s and 140 s show mixed phases 
of VO2 and V2O5 while toxd = 1800 s show only V2O5 peaks. Fig. 3(e) shows the Raman spectrum of all oxidized 
samples of V film with Tdep = 400 ˚C. Films oxidized with toxd = 100 s, 115 s, 125 s, and 130 s show strong VO2 peaks. 
However, toxd = 130 s also shows a weak V2O5 Raman peak around 148 cm-1. toxd = 140 s and 160 s samples show 
mixed phases of VO2 and V2O5. The longer toxd of 1800 s shows only V2O5 Raman peaks. Fig. 3(f) summarizes the 
Raman spectrum as a function of toxd of V films deposited  at Tdep = 450 ˚C. V films oxidized with toxd = 165 s, 170 s, 
show only VO2 Raman peaks. Films with toxd = 175 s show dominant VO2 peaks and a weak V2O5 peak around 148cm-
1. toxd = 190 s and 210 s samples show mixed phases of VO2 and V2O5 while toxd = 1800 s show only V2O5 Raman 
peaks.  
Similar to the thickness series, the phase transition properties of oxidized samples in Tdep series were also studied by 
the four-point probe resistance measurements at 30 ˚C and 110 ˚C. For comparison with other samples of the Tdep 
series, Fig. 4(a) repeats the data (Fig. 2(b)) for resistance switching ratio R30 ˚C/R110 ˚C of oxidized V films (XV = 120 
nm) with Tdep = 27 ˚C as a function of toxd. This data has already been discussed in the previous sub-section. Fig. 4(b) 
summarizes the resistance switching ratio of all oxidized  V films with Tdep =100 ˚C.  Sample oxidized with toxd = 50 
s shows one order switching only despite Raman characterization showing only VO2 peaks. This reduced switching 
is due to partial oxidation of the V film. Films with toxd =60 s and 65 s show good IMT switching. Among these films, 
toxd = 65 s shows the best switching of more than three orders of magnitude. Films with toxd = 70 s, 75 s, and 80 s show 
reduced switching of more than two orders. After toxd =80 s, switching further reduces due to increasing V2O5 content 
in the films. The switching almost disappears for toxd = 1800 s indicating only V2O5 content in the sample in agreement 
with the Raman characterization. 
The resistance switching of all oxidized V films with Tdep = 200 ˚C is shown in Fig. 4(c). Samples oxidized with toxd 
= 85 s, 90 s, 95 s, and 100 s all show good switching greater than two orders. The best switching of three orders is 
however observed for toxd = 95 s sample, the switching reduces after this optimum oxidation time. The longer toxd of 
1800 s shows almost no IMT switching. These results are in agreement with the Raman characterization results of 
these samples. Fig. 4(d) shows the resistance switching as a function of toxd of V films with Tdep =300 ̊ C. The switching 
ratio increases from toxd = 110 s and reaches peak value at toxd = 125 s. For toxd ≥ 130 s switching reduces and almost 
disappears at toxd = 1800 s. Fig. 4(e) shows the resistance switching ratio of all oxidized  V films with Tdep = 400 ˚C. 
No significant switching is observed for toxd = 100 s due to only partial oxidation of the V film. More than two orders 
of switching is observed for toxd = 115-160 s.  toxd = 130 s sample shows the best switching of three orders of magnitude. 
Beyond this optimum oxidation time, the resistance switching ratio decreases and becomes small at  toxd = 1800 s. Fig. 
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4(f) summarizes the resistance switching as a function of toxd for V film with Tdep = 450 ˚C. Sample oxidized with toxd 
= 165 s shows more than one order of switching. Films with toxd = 170 s-210 s show good switching of more than two 
orders of magnitude. The peaks switching is observed for toxd = 175 s after which the switching performance decreases 
because of the increasing V2O5 content of the samples.  The optimum oxidation time toxd
op
  of Tdep = 450 ˚C sample is 
nearly three times more than  toxd
op
 of V with Tdep = 100 ˚C even though both samples have the same V thickness.  
From Raman and electrical characterization discussed above, we can conclude that the optimum oxidation duration,   
toxd
op
  , increases with V film thickness and with increase in V deposition temperature. Table 1 summarizes the optimal 
oxidation time (toxd
op
) and the corresponding resistance switching ratio (R30 ˚C/R110 ˚C) as a function of V film thickness 
and deposition conditions. To confirm that VO2 is indeed the dominant phase in the samples oxidized for  toxd
op
, Raman 
peak intensity ratio of  V2O5  (~995 cm-1) and VO2 (~613 cm-1) peaks is also listed in Table 1. This Raman intensity 
ratio is small for all the toxd
op
 samples confirming dominant VO2 and extremely weak V2O5 presence. 
 
4. Discussion 
Room temperature and high temperature resistivity of VO2 films synthesized from V films deposited at different 
deposition temperatures (Tdep) is shown in Fig.5. For comparison, room temperature and high temperature resistivity 
of VO2 films deposited using reactive sputtering (V- target & Ar+air) at 450 ˚C and RF sputtering (from VO2- target) 
at 550 ˚C [39] is also shown. The resistivity ρ is extracted from the four probe measurements. The probe separation in 
the four-probe setup is 1.5 mm which is much larger than the VO2 film thickness allowing the use of following 







     (1) 
where I is the current supplied through the outer terminals of four-probe, V is the voltage measured between the inner 
two probes and t is the film thickness. Vanadium dioxide thickness t is taken to be twice of the thickness of Vanadium 
[31]. Resistivity values for VO2 films synthesized using APTO of V lies between the resistivity values of the VO2 
synthesized from reactive sputtering of V and direct sputtering of VO2. As Tdep increases APTO VO2 film resistivity 
approaches the resistivity of VO2 films synthesized using RF sputtering (from VO2- target) at 550 ˚C. 
Optimum oxidation duration (toxd
op
) as a function of the V film thickness (XV) deposited at R.T. is shown in Fig. 6 (a). 
Clearly,  toxd
op
 increases monotonically with increase in XV. As more time is needed for oxygen to diffuse into a thicker 
V film to convert it into VO2, the trend in toxd
op
  is understandable. To quantitatively understand the variation, we model 
the data using a parabolic fitting expression,  XV
2   = Btoxd
op
, where B is the parabolic  constant. Parabolic fit matches 
with the experimentally obtained toxd
op
 with different vanadium thicknesses (B = 192.9 nm2/s) except the thicker film 
7 
 
with Xv=212 nm, suggesting different growth law for thicker films. As V completely converts into VO2 at toxd = toxd
op
 
and in this oxidation process the film thickness increases by ~2-2.1 times [31], we can conclude that VO2 thickness vs 
oxidation time will also follow a parabolic growth law with a parabolic constant of 771.6-850.6 nm2/s.    
Fig. 6(b) shows  toxd
op
 with increasing V deposition temperature (Tdep) for XV = 120 nm thick V films. The optimum 
oxidation time in general shows an increasing trend with the increasing Tdep. The deposition temperature is expected 
to affect the microstructural properties of V films and hence the oxygen diffusion rates. This hypothesis is supported 
by Fig. 6(c), which shows the conductivity of the deposited V samples as a function of Tdep. The conductivity is found 
to be nearly same in the low deposition temperature regime (~27-200 ˚C), beyond which it increases exponentially 
suggesting that microstructural changes are significant beyond ~ 200 ˚C. We model the V conductivity as a function 
of Tdep using the following mathematical expression, 
 𝜎 = 𝜎0𝑒
−𝐸𝑎1
𝑘𝑇 + 𝜎𝑐          (2) 
where, the σc  term models the saturation behaviour in the low temperature regime (~27-200 ˚C), while the exponential 
term models the exponential rise of V conductivity in the high temperature. For the values shown in the inset of Fig. 
6(c), this expression fits the measured V conductivity vs Tdep data reasonably well. This activation energy is possibly 
from the contribution of grain growth in V films (with Tdep) to the improvement in electron transport/conductivity in 
the V films. All samples in the Tdep series have the same thickness XV = 120 nm so from the parabolic relation used 
above, XV
2   = Btoxd
op
 , we can conclude that any increase in toxd
op
 should be compensated with a corresponding decrease 
in the parabolic constant B as a function of deposition temperature. We use this inverse relation to find deposition 
temperature dependence of 1/B as shown in Fig. 6(d). As the behavior of 1/B vs Tdep (Fig. 6(d)) is similar to the 
behavior of V conductivity vs Tdep (Fig. 6(c)), we use similar mathematical expression to fit the 1/B vs Tdep dependence 
as shown in Fig. 6(d). The extracted activation energy in this case is possibly from the contribution of V grain 
growth/decrease in grain boundaries (with Tdep) towards decrease in oxygen diffusion rates during the APTO process.  
 
5. Conclusion 
In conclusion, we have experimentally studied the effect of V film thickness and V deposition temperature, on the 
optimum oxidation time for obtaining VO2 films with best resistance switching properties, during the APTO process. 
From the Raman and electrical characterization performed on the synthesized samples, it was found that optimal 
oxidation time for synthesizing VO2 films increases monotonically with increase in V film thickness, following a 
parabolic oxidation law. The optimal oxidation time was found to increase with the V deposition temperature. We 
explain and model this behavior by establishing a correlation with V conductivity variation with the deposition 
temperature. This study provides an insight into the effect of two major factors involved in VO2 synthesis using APTO 
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Table 1: Summary of the optimal oxidation time and the corresponding resistance switching ratio, and Raman peak 




















Raman Peak  
V2O5  (~995 
cm-1)/VO2 
(~613 cm-1) 
Intensity Ratio  
212 R.T. 140 1520 0.05 
120 R.T. 80 1005 0.06 
80 R.T. 21 300 ~0 
15             R.T. 4 605 ~0 
120 100 ˚C 65 1404 0.05 
120 200 ˚C 95 1225 0.06 
120 300 ˚C 125 357 0.19 
120 400 ˚C 130 1000 ~0 
120 450 ˚C 175 446 ~0 
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FIG. 1.  Raman spectra of all oxidized Vanadium films with different thickness Xv, (a) 212 nm, (b) 120 nm, (c) 80 







FIG. 2. The resistance switching ratio as a function of oxidation duration for Vanadium films of different thickness 
Xv (a) 212 nm, (c) 120 nm, (e) 80 nm, and (g) 15 nm. And the reversible-resistance switching scan of temperature for 
Xv = 212 nm and toxd = 140 s (b), Xv = 120 nm and toxd=80 s (d), Xv = 80 nm and toxd = 21 s (f) , Xv = 30 nm and toxd = 
4 s  (h). Resistance was beyond measurement limits for XV = 80 nm, toxd = 1800 s sample, and XV = 15 nm, toxd = 600 






























FIG. 3. Raman spectra of all oxidized Vanadium films with XV = 120 nm thickness and deposited at varying 
temperatures Tdep, (a) R.T, (b) 100 ˚C, (c) 200 ˚C, (d) 300 ˚C, (e) 400 ˚C, and (f) 450 ˚C. Reference values of the 








FIG. 4. The resistance switching ratio as a function of oxidation duration for XV = 120 nm thick Vanadium films 























FIG. 5. Room-temperature (30 ˚C) and high-temperature (110 ˚C)  resistivity of oxidized VO2 films with different 
deposition temperature (Tdep) compared with the resistivity of VO2 films prepared using reactive sputtering (V- 























FIG. 6. (a) Obtained  toxd
op
 for different thickness of Vanadium XV ; Parabolic fit  to the data is also shown. (b) Obtained  
toxd
op
 as a function of V deposition temperature Tdep for XV = 120 nm samples, (c) Measured room temperature 
conductivity of V films deposited at different Tdep and model fit for the same. (d) Parabolic constant as a function of 
Tdep ; model fit is also shown.  
 
 
 
 
 
